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LOCAL INSTABILITY OF THE ELEMENTS OF

A TRUSS-CORE SANDWICH PLATE 1

By _IELVIN S. ANDERSON

SUMMARY

('harts' are presented which gi_:e the compress'ice

buckling coefficient for local instability _Lf a single-
truss-core and a double-trus,_-core sandwieh plate.

These charts eot'er a wide range of sandwich propof

tions and nmy be used for sal_du,iehes with unequal

faces. They apply to in-plane compressive loads

aetb_g parallel or perpendicular to the core direction

or .for variou,s contbbmtions of th,e._'eload_..

INTRODUCTION

Sandwich-plate construction has t)een of in-

creasing iinportance because of the need for light-

weight structures in which (lense teml)erature-
resistant nmterials are used. Many sandwich-

type configurations employing different product ion

techniques have been suggested. The two con-

figurations shown in tlgure 1 arc designated
truss-core sandwic]ms and have been fabricated

by resistance wehting I)ro(-esses. Calculations
(ref. 1) indicate that such configuralions are

desirable fl'om a weight-strengtll basis. In

st0ruetural analyses of these configurations, the

local buckling stress of the cross section shouhl

L- 58" 1038

]_'IGU'RE l.- -Two truss-core sandwich (!onfigurations.

_.Supct_'sedes NAt !A Technical Nole 4292 by M(,lvin S. Anderson, 195".i.

be known. In the present paper, the local buck-

ling stress has t)een determined for the type of

sandwich t)lates shown in figure 1. In-plane

compressive loads both parallel and perpendicular
to the axis of the corrugations making up the core

of the sandwich are included in the analyses.

SYMBOLS

b l)latc-eleinent width

C=,, P'_, m rotational stiirness of a plate ele-
ment with edges subject to

equal moments of opl)osite sign
(see refs. 2 anti 3)

(_, Fa, us rotational stiffness of a plate tic-
merit with e(tges subject to

equal moments of same sign (see
refs. 2 and 3)

E modulus of elasticity

k local buckling coefficient

k' buckling coefficient used in still'-
hess charts anti tables (refs. 3

and 4) when in-plane stresses

are acting in two pcrl)en(licular

directions (see eq. (20))
S rotational stiffness of a plate ele-

ment with far edge clampe(l

(see ref. 4)
S n rotational stiff'hess of a plate ele-

ment with far edge siml)ty

sttpported (see ref. 4)

_bnv rotational stiff'hess of a plate ele-

ment with c(lges sul)ject to

equal moments of opposite sign

(see ,'el. 4)

:t"_, 5/"_, 7'¢ sum of moments a.cfing a.t a joint
(clockwise moments are positive)
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l)lah'-(,h,nwnt thickness

angles of rotation at joints in

/russ-core sandwich (clockwise

rotations art, 1lOS(live)

plaslicily i'c(hwlion factor

angle between ('ore (,h, nl(.nt aml
fa('(,-sh(,et element

t)u('kle length (half way(, h, ngth
ni(,asured in .r-(lirection)

buckle length (o b(, used in stiil'lii, ss

(quirts and tabh,s (refs. 3 and 4)

when in-plan(, s(l'(,ss(,s art, acting

in two perl)endi('ular dir(,(,tions

(st,(, (,q. (19))
Poisson's rat io

bu('kling stress (see eq. (22))

l'('f('l'S h) ('or(,

r(,f(,rs h) fa('e sht,(,t

r(,f(,rs to h)ilgitu(lilml dir(,(,tion,
ill(, (tir(,('tioll of axis of core

rcfl, rs to transv(,rs(, (lir(,(.tion

ANALYSIS

For lh(, l)urpos(' of analysis, the ('ross s(,('tions

of the ('outigurations showli in figur(, 1 have t)(,(,n

i(h,alized as shown in tigur(, 2 by assumiiig the

('ore to ('onsist of straight-lint, (,h,nwnts. lhwkling

is assum(,d to o('('ur wilh rotation of th(, joints

but with )to (hqh,('tion of the joints. The angles

l)(,tw(,en the various (,h,m(,nts at on(, joint art,

// ZJt-

(c)

i: - &f

i i

(b) #

(_1) _high; triiss.

(hi 1)ouble t.r_lss.

Fi(;uii_; 2. hh,aliz(,(I cross sections of lFll.,.4s-cor(! _,'llldV<it, h

plates.

Inaintain(,d during buckling. The sltndwich plat(,

is assumed to b(, of sufHci(,nt length and width

that (,nd (qfi, cts are negligible. (_oinpression
loads nmy 1)c appli(,d in (,ither the longitu(liiial or

Irllnsv( rsc direction of the sandwich plat(,.

Th(, Irianguhir arrllng(qll(,ii( (if (tie (,lenlents in

it lruss-('or(, sandwi(']l gives list, to I)uclde s]iap(,s

which Lre slightly lnor(, ('olnph,x than (,omm()illy

found in t)lat(, asscnil)li(,s. Th(, resulting r(,-

strainls till( have ti large inlhien(.e lilt the bu('klhig
sli'ess. For exaniple, it was found lhal lhree

identiv;l] phil(,s foriniiig ii irillnguilir lut)e tilive iI

I)ucklii_g ('o('[l]ci(,nl of 4.7 its ('onl|)il, rlql with 4 for

a sqtiari, tube.

A.pt)lication of the ih(,ory of l'(,f(q'lqi(*(! 2 is w(,ll

suited for the (h,t(,rnlinallon of the h)cal I)uckliilg

stress (,f the truss-tort, sandwich. The i[i(,ory is

I)ase(t Oil the fact thai t.tl(, I)uckled shape of all V
plat(, ('i(qn(qll in li (,onfiguration (!lilt It(' ((lent(lied

with it sinusoldal edge rotation it.lid (,dg(i lilOlli(,lil

whi(,h ill'(! ill t)has(' with each o( h(,l'. B), Sill isfying
e(tuilibriunl Ill each joint, which lll(,allS l]llil l]le

Sllllllllatioii of lhe (,([g(, nlOllltqlls of all t)]lii(,

(,](,ill(,il s at a johlt is zero, lh(, slill)ilily ('ril(,rion is

ol)tain(,_l. Till, r(,lationsiii l) b(,lw(,(,n ('(lg(' IIIO-
lilt'Ills l nd rolatiolis (.ilii It(, ot)lliin(j(] from st itt'ii(,ss

fa('tors (h'llne(I in l'(,ft,l'(,ll(.(, 2. 'Phi' lll(illl('lllS

at'ling oil a plate eleni(,nl will( (>(tg(, rolalioiis

of o< l).n(l j are given I)) (,xi)l'(,ssi()ll (16) of ri,f(,r(,ll(,(,

2 as

• 2 9 •

ill lilt' (dge with rolation a lilid

#:,-- g2 o_ #2 Jr- P3(,,) (2)

at, the ,dge with rotation _. ]li expressions (1)

arid (2), u._ is the rotational stiffll(,ss of a plale
elenient with a synimetrical dt,fl(,(q.ioli an¢l #3 is
the rotitional stiffness of a lii(,liib(,r with aii

antisyn: ni(,trical deilection.

STABILIT( CRITERIA FOR SINGLE-TRUSS-CORE SANI)WICH

Some of the liossil)h , buckling modes for (lie

singh,-tluss-(,or(, sandwi(.]l with equal fa('c sheets

are shown in figure 3. The stability criterion

('lill lie wriilen for lllodo i }iv lioting that Oil(, end
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L_ 0_ 0( Oc (_

/ V %/ ",,/ _/ \
Clamped

Iu)

fi'om expression (1) as

-(r -_ -,, 2+(3 (C_- ('?_
°'-k )

+tF_+F:,_ t&-F,A
(6)

O. C1 (x O. O.

C[ U. OL O_ O. Cl

Similarly al any .joint with a rotation --¢_ the
IllOITlont is:

(I"_- l":)_-- (1<>+ &)_ = 0 (7)

U cJ (_ Ot C(

-C_ -C_ El -Ct -_ rt

(c)

(d>

Ct Ct _ Lt ¢t

2 0, o< -2 a

(a) Mo(h' A.

(I)) Me(h, 1'>.

(c) .Mode C.

(d) Nh)d_' I)

l,'j(;('n_: 3. I'hwklimz mo(h,s for singh,-t russ-coru s:m(l_ i('h

t)lai(,.

Of ell('h of the ('ore (,h,lm,nls [ills Z('FO rotation.

11 is convenient to denote the slitrn(,sses #_ or #a as

/"2 or Fa for the face sheels and as ('2 or Ca for the

('ore. Then, for rood(, A,

For mode I',,

and for mode (',

21".,+(':-_ ('3 0 (3)

'2F.2+(__>+(_ (I (4)

41 _ ¢t a-r(_ 0 (5)

Mode D involves a defle('tion l)attern that is

nlore complicated than the previous ones, and the

solution may be el)rained as folh)ws: The moment

at any joint wilh a rotation a may I)(' ol)tained

Solving e(lualion (6) for a and substituting into

(,qualion (7) yiehls the following stal)ilitv criterion
for Inode I):

, (3F,.,+F_+:¢(*.,÷-( 3= ) Is)

Equalions (3) 'rod (4) are identi('al: therefore,
I)u('kling will o('cur in modes A 'rod B at the saln(,

stress h,v(,l. The stal)ilily criterion that gives

lhe lowest vahle of lhe [)u('l,:ling slress is lhe one

that al)l)lies for any given case. Cal('ulations
show that niode A and inode C ar(, the only

inodes that need be ('onsidered. Y.Io(h, A is ap-

lfiicabh, for iligh values (if t</ls and nio(le (' governs
al l(iwer vahles of tjti; howovor, all ill(ides shown

in figure 3 have essenlilllty file Sllllll, t)u('kling
eoeflel(,il, nl li.t low vllhll,S of lit r.

if a sluldwi('h wilh une(iulil ftiros I)u('kh,s its in

lilo(h' A, e(|lllllioli (3) will ll_'llhi ill)lily ll(,('lill,_l, the
llli('ker fti('e will reinain untiu('Me(I and, hl'n('t', will

ilol afl'e('l lhe sohilion. A1 lower vahie,_ of tr!'tf, lilt

illleitlllll-fal.e SlllldWi(']i Illay till(']de similar 1o lllOdO
C. ttowever, ll.s was menlioned previously, all

nlodes shown ill figure 3 have essentially tile same

buckling (,'oeflicient for low vahles of l_,lts. Tilere-

fore, tile buckling co(,fticients for equal-fa('e san(I-

withes lllay be llSO([ for sandwiches with llll('qllR]

faces if the ratio t_/t i is obtained from the thickness
of the core and the thickness of the thinner face of

the unequal-face sandwich.

STABILITY CRITERIA FOR DOUBLE-TRUSS-CORE SANDV¢ICH

A g(,neral ale(h, shape for the doul)le-truss-('ore

sandwicii wil.h equal face sheets is shown in figure

4(a). The angles a, DI, an(l _ may lake on such
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values that any joint may be clanq)cd, or an c, p _ -p c, -fi

S-('urveorahalfwavenmyappearinanyelemont.a, _ NS_____
The moments acting at joints with rotations r-S/.\:f.\/..\./,\--_, and _, respectively, are:

To=(Fo+I%)_--( _-_)_+(G+G)-

+ (( 3-- (._)g,=0 (9) (a)

T_= (F_-- F&_-- (F2+ F_)3-- (G+ G)3

-F-(('3-- ( '=,)_----0 (10) ct -a _ -,x a -a

T___((__(_)a_((,3_(_)3+2(C2+(I_)¢,= 0 ,- ......... ¢...... :............ : .... :. ............ ,

(ll) ped

Equal ing to zero the deterluinant of the ('oefli('ieuts -a a -a a -a a

of a, ;3, amt g, will yMd the stability criterion which (b)
is (,it her

2F_+ C.,+ ('3 0 112a)

or

, 21:47_

The values of / aml of 1/, lnay be computed in terms

(>f a with the use of equation (12a) or (12t)) and

equations (10) and Ill). The actual mode shapes

('a u t hen I)(, ('onst rt,'te(I and are given in figure 4 (b)

fl)r equation (12a) and in figure 4(c) for equation
(I 21)). For this ('oufiguration, lhe behavior of each

iriangh, is indel)en(lent of the rest; therefore, this

soluti(m also applies to a singh, triangle with two

i(h, nti('a| sides or to a configuration represented by
the tlt)i)er half of ihe (Iout)le-truss-core sandwich.

Note thai equation (12a) is idenlical io equal|on

(3) and thai mode A in figure 3 is equivahm! to
mode A in figure 4.

If the (Ioll[)h'-trliss-(,Ol'(, sandwich has unequal

faces, the parl with t]:le thinner fa('e may buckle
as in moite A (fig. 4(b)). This mode would be

independent of the thicker face; hell(!e, equation
(12a) is still applicable. For unequM-faee sand-

withes, that |)uckh, similar to mode B, the use of
equation (12t)) wouhl h,ad to SOllle ('ITOI*. ||O_.V-

ever, if it is assumed that |)oth faces of the sand-

wich have the salne thickness as the lhimwr face,

equation (12b) will yield results which are only
slightly conservative.

ALTERNATE FORM OF STABILITY CRITERIA

In order to cah'tflate buckling stresses with the

previously derived stability criteria, values of the

O. Ct _ D. £X _X

poorted

(c)

(a) General mod, shalw.

(b) 3,lode A.

(c) Mode B.

FI(; VRE L--l_uckling modes for doul)le-truss-coro sitndwich

l)htte.

various stiffness factors must he known. Charls

giving "alues of #z amt u3 are presented in reference
3. It s sometimes convenient in calculations to

have slill'nesses giveu in t at)ular forln as is done

in refeJence 4. t lowever, v.3 is not tal)ulated in

referen,_e 4, t)ut the rehltionshi 1) of _., and _3 to the

stiffnes:;es given in reference 4 |nay be obtained
with tle aid of exl)ressions (1) and (2) and the
(h,filfiti, ms of the various slifflWSSeS.

In re_er,,nce 4, the stiffness of a member with a

symme ri('a[ defh,(,ti(m is denoted as S_v; hence,

4Sw _ #2 (13 )

The st tt'ness of a member with the far edge

clampoql is S aim may be ohtained as follows:

4S -#2+#3 (14)
2
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The stiffness of a member with the far edge

simply suPl)orted is S H aml is given by tile follow-

ing equation:

4S H= 2#_Ia3- (15)
,u2_ #j

The stability criterion nmy be written in the

notation of reference 4 when equations (13), (14),

and (15) are (lsed. Equation (3) which was fotm<l

to apply to both the single- aml dout)le-truss-core

sattdwi('ttes may be written as

SIvF_- S_-- 0 (16)

At tow values <)f GIt/, equation (4) was found 1o

give the lowest value of buclding coefficient, for

tile sirlgle-truss-core sandwich and may be written
as

2Ss--S1vs+ slv_--O (17)

For the dout)te-truss-core sandwich, the mode that

goverlls at low values of t_/t/is given t)y eqtmtion

(12b) which inay 1)e written as

2Ss--,_,'_Vs+ SH_ 0 (1 S)

STIFFNESS OF MEMBERS SUBJECT TO TRANSVERSE

IN-PLANE STRESSES

Th(' various stal)ilily equations derived in the
I)re<'e(li,g sections apply for dit'ect stresses in both

the longitudimd and transverse direct[otis or any
<.ombiuatiotls of these stresses. The numeri('al

values of the st[finesses given ill references 3 and 4

are for only longitudinal ('ompressive loadings but,

can be used for the gelwral case by al)ptying the

method given in reference 5. A 1)arti('ular value

of stiffness may t)e ot>taiued l)y using the charts
or tal)les of referelwes 3 and 4, if ),/b and k are re-

placed with the fottowing expressions:

flll(l

b . /

k' X'" -' k_ -' b 2

(_9)

(20)

Equations (19) and (20) are e<tuivah,nt to e(ltm-
tions (17) of reference 5.

It, is assumed that loads perl)ell(licular to the

core direction tit'(, resisted only I)y the face sheets;

hence, the presence of these toads affects only llle
stiffness of the face sheets. Charts that cover tile

case in which only lransverse loads are present

are not, availat)le, but, with the use of equations

119) and (20) together with the formulas in refer-

ence 2 and with the assumI)iion that X/b approaches

infinity, the governing stability criterion (eq. (3))

may be written as

71"

71"

tan 2 _'_ \ts]

RESULTS AND DISCUSSION

The n)inimum value of the buckling coefficient

k+ thai, satisfies the al)propriate stab[lily equation
]ins been calculated and the results are given in

figure 5 for the single-truss-core sandwich and in

figure 6 for tile doul)le-truss-core sandwich. Sep-

arate t)uckling charts are presented for values of

]+'_equal to 0, 0.5, and 1.0. Values of k_ have

t)een calctdated from equal[oil 121) for the ('as[, in

which k_----0 and are pl'esented in figut'e 7. Tit<'

buckling stress can be compute(l as:

k+V,TE / tsh 2

The t)ucklil_g coefficienls arc t)l'esented as carl)eL

[)lois which permit linear horizoI_t,al itllerpolation

for both of the itldel)endetll variabh,s 0 and G/ts.

The method of interpohltiou is illustrated in

figure 8.
The <lashed lines in figures 5 and 6 divide the

charts int,o two regions. At)ove the dashed lines,
t]le face sheet is the lmstal)te element and is re-

strained by the core. Below t,lle dashed lines, the

core is unstat)h_ and is restraitted by the face sheets.

In this lower region the actual l>uckling coefficients

will prol)al)ly l)e slightly lfigber llmll tbe theoretical
values given in figures 5 and 6, if the actual core
elements are curved rather than flat. The dis-

contitmit,y in the slop(, of the ctu'ves of figure 6
marks the [ransitioll fl'om one mode to the oilier.

Equation (12a) applies to the upl)er portion of

the curves a,nd equation (121)) al)l)lies to the

lower port, ion.
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Core restroins foce

(b) k_ 0.5.

FIGURE 5.--Continued.
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(c)kl,=1.0.
FIGURE5.--Conelu(i(:_.
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oI I

1"ICVrtE _. McLhod of interi)olati(m (m :_ carpet plot.

( t_ )If _ and 0 are given, _'z llmy l)e found as illustrated.

Examimnion of figures ,5 and (i indicates lhal

the buckling stress in the longitudimd directiot_

will I)e appreciably reduced 1)y lhe l)res(,nc(, of

transverse loads in the p/an(, of the sandwich if

the face sh(,els are primarily responsible for

buckling. If the cove (dements ave unstabh,, Ihe

presence of transverse loads does not aller ap-

pr(,ciably tit(, longitu(timd lmcklittg str(,ss.

The curves of figures ,5 lo 7 are also applicabh_

to sandwi(,hos with uuequal faces if the ratio tjtr
is obtahwd from the thi('km'ss of the core and

lhe thickness of the thimwst face. In figure 6, in

the region below the dashed line (he charts will be

slightly conservative for double-truss-core sand-

withes wilh unequal faces.
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LAN(:LEY FIEI.D, VA., April I0, 1958.

REFERENCES

I. Anderson, Melvin S: Optimum Proportions of Truss-

Core :rod Wel)-(!ore Sandwich Phttps Loaded in

Compression. NASA TN D--98, 1(.'159.

2. Cox, 11. L.: Comt)utalion of Initial Buckling Stress

for Slmet-Stiffener Comt)imtlions. Jour. ICA.S., vo[.

58, no. 525, Sct)t. 1954, pp. 634 638.

3. Anon.: ])al't Slmcls Stressed Skin Slruclur_.s. Vol.

II, Fifth [_sue, Royal Aero. Sot., Jan. 1957, nos.

02.01.28 to 02.01.37.

1. Kroll, _V. D.: T'd)les of Stiffness "rod Carry-Over

Factor for ]:lat Recta]tgular l)lat(_s Under Coml)res-

sion. NACA WR L;_98, ]943. (Formerly NACA

AILR 31(27.)

5. Shuleshko, P.: A R('(luct.ion Method for Buckling

Problems of ()rLholropic Plates. Aero. Quarterly,

vol. VIII, pt. 2, May 1957, Pt). 145-156.




